In this paper, we propose a floor covering-type walking guidance sheet to direct pedestrians without requiring attachment/detachment. Polarity is reversed with respect to the direction of walking in the guidance sheet such that a pedestrian travelling in any direction can be guided toward a given point. In experiments, our system successfully guided a pedestrian along the same direction regardless of the direction of travel using the walking guidance sheet. The induction effect of the proposed method was also evaluated.
INTRODUCTION
Pedestrians are guided in everyday life through signs or arrows indicating direction, or by vocal instructions. This information requires such processes as the presentation of information, acquisition of pedestrian-related information and its interpretation, and gauging pedestrian behavior based on this. It takes time for the pedestrian to act once the relevant information is presented. Therefore, we Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the owner/author(s). propose here a direct guidance method that does not require interpretation. This method can help efficient queuing and prevent falls in areas with large crowds, such as public transportation centers. As people use visual cues to stabilize posture when walking, a guidance method that provides pedestrians with a visual stimulus is effective. Therefore, we focus on visually induced self-motion sensation (vection), and present a visual stimulus to the environment that causes the postural reflex to implement guidance when walking. In previous work [5, 31] , a lenticular lens was used as optical element, and walking along any given direction was not dependent on the general direction of travel. It was demonstrated that guidance can be used for collision avoidance.
By applying the methods proposed in this work, we devise and implement a method that provides an induction effect depending on the direction of walking to guide a pedestrian coming from any direction to a given point. This induction effect depends on the direction of the pedestrian, unlike in the conventional method where it does not depend on this direction and generates the same effect in one-dimensional direction shown in Fig.1 . This makes it possible to provide a gradient to the induction effect along a 2D direction. As a first step of induction toward to one point, we propose a guiding method toward the same direction shown in Fig.1 .
RELATED WORKS 2.1 Guided Walking using Sensory Illusion
Currently, it is very common that pedestrians use smartphones for navigation [2] . Given that they are easier to hold, it is reasonable to think that pedestrians would prefer a smartphone to a map for guided navigation [1] . We examine here the creation of an "illusion" whereby users feel as if their hands are held as they are guided. Illusion has long been noted as a means for achieving an experience that cannot otherwise be realized or is difficult to realize.
Many methods [28] have been proposed, such as a belt where the part closest to the destination vibrates on the waist to continually present the direction of the destination while walking. Although this is one method of guided walking using a portable device, it is not an illusion in the sense used here, as the pedestrian is assumed to continue walking while conscious of the vibrating part of the belt. A method where the pedestrian is notified of the given position by sounds instead of vibrations has also been proposed [25] . Methods that rely on sensations on the human skin for guided direction include gyroscopic effects [18] and skin pulling [6] . They also present the bearing "as a sign" in the same way. In the above research [1] however, the illusion of a continuous traction force was implemented by using the fact that the human tactile sense is nonlinear. This provides the experience of being guided as if one's hand were being pulled, without making the user symbolically aware of the azimuth of the destination.
The guided walking method that directly drives the body of the pedestrian does not require symbolic interpretation by the user. Methods that do not use sensory illusion include directly stimulating the muscles of the lower limb [22] , and reproducing the state of walking virtual ruts by tilting the sole [4] . On the contrary, the use of sensory illusions has the advantage that there is room for pedestrians to maintain the safety of the guidance. One example is that of a method of creating the illusion of a sense of equilibrium (vestibular sensation) using a weak current [14, 15] . It is sufficiently effective for the body to respond arbitrarily without the pedestrians being conscious of this. A method where the outer ear experiences a pulling sensation [12] has also been proposed as one that has an effect close to the guiding effect generated by the illusion of equilibrium.
The concept of optical illusion [17] shows that while it is possible to transmit the direction of the destination without depending on symbols, which can provide a pedestrian with an impression of movement by observing it in the peripheral visual field, this is not direct guiding without the pedestrian being conscious of it. A method has been proposed [16] to induce the illusion of walking where the pedestrians do not notice the direction. The essence of this method is to continuously give the impression that the person is walking in a straight line, where in fact this direction is slightly bent. When comparing the optical illusion with visual guidance, note that the preconditions are different. The former assumes that the pedestrian is stationary and the latter assumes that he or she is walking. The illusion used in guided walking described in this research falls in the former class at first glance, but essentially is in the latter.
Visual Stimulation and Vection
Lishman et al. [13] conducted experiments that showed inconsistency between the somatosensory sensation and vision, and concluded that the latter is more dominant in controlling the body. Therefore, we focus on the visual, inductive sensation of motion (vection) for guided walking that does not require the attachment / detachment of a device.
Vection (visual inductive self-kinesthetic sensation) is an illusion whereby the observer perceives a visual stimulus as moving in the direction opposite to its actual direction. We arrange the effect of vection at the azimuth angle in the field of view. According to Blandt et al., the larger the area of stimulation, the stronger the induction of vection [3] . It was also subsequently reported that peripheral vision strongly attracts vection [8, 19, 23] . For example, Johansson [11] showed that the visual stimulus in peripheral vision is more effective than in central vision in case of vection. Hatada et al. [8] analyzed the functional difference between the central vision and the peripheral visual field regions using the inclination of the body provided by a visual stimulus as an index, and concluded that the central part of the retina is sensitive to slow motion and its periphery is highly sensitive to rapid motion. Hayahuku [9] showed that the reaction time in objective motion is longer in peripheral vision than in central vision, whereas Yamagishi et al. [30] compared peripheral vision with central vision. According to Ito et al., experiments where diffusion and convergence stimuli were superimposed on planes of different depths have shown that exercising the physical stimulus stimulates the domination of vection [10] .
We now consider the characteristics of the motion stimulus. With regard to spatial frequency, rough stripes (low spatial frequency) have been shown to induce vection more efficiently than fine stripes [24] . Another study has shown an interaction between the roughness of the stripes and the position of the presentation field of view, and concluded that rougher stripes are better in the peripheral visual field whereas finer ones are more effective in the central visual field) [20] . According to a study by Kure et al. [29] , the spatial frequency of the visual stimulus ranges from 0.037 to 0.057 [cycle/deg], which is the range that induces the most vection. Regarding visual speed, there is a linear correspondence between the self-motion speed perceived as the stimulation speed up to 100 [deg/s] (increasing stimulation speed, the sense of movement speed of itself also rises correspondingly, and the contribution becomes smaller at higher speeds) [7] .
By combining these, we can conclude that vection can be induced when the visual stimulus moves behind the scene and the surroundings, spatial frequency is low, and the area is large, that is, the part perceived as the "ground" does not conventionally move.
With reference to the above parameters, in Experiment 1 of this study, we verified two parameters, spatial frequency and velocity, effective for inducing walking toward a point.
Further, in a study using vection as a means of inducing walking [5, 31] , Yoshikawa et al. obtained a dynamic visual stimulation without a power supply and focused on an optical element known as a lenticular lens for visual presentation suitable for environmental settings. They proposed the "vection field," where walking is induced by using the lenticular lens for visual stimulus effective for guided walking over a wide range (Fig.1) . In this method, pedestrians are guided by a visual stimulus from the vection field moving vertically to the right with respect to the direction of motion of the pedestrian. By applying this, we devise a method to provide the induction effect depending on the direction of motion ( Fig.1) to realize the effect induced on a pedestrian coming from any direction toward one point. This method was verified in Experiment 2.
PROPOSED METHOD 3.1 Visual Motion with Parallax Barrier
To realize guidance toward a point, it is necessary to invert the induced polarity depending on the perspective taken, instead of guiding in a uniform direction independent of it.
Although the lenticular lenses adopted in conventional methods [5, 31] can produce dynamic visual stimuli completely a without power supply, there are restrictions on the number of realizable symbols due to the lens standard and the resolution of the printer. Therefore, we focus on a phenomenon called the slit view. Slit viewing refers to a phenomenon that gives the impression that the entire shape is visible when observing a figure through an elongated slit [21] , despite the fact that the figures are presented sequentially and fragmentally across the slits. Using this phenomenon, a stereoscopic video presentation of horizontal 360 degrees was implemented [27, 32] in a cylindrical booth-type display to be seen with the naked eye.
In this method, acrylic lenses with patterns printed on the front and back surfaces of a transparent acrylic plate were used as optical elements. By providing the barrier layer (Fig.2) on the surface of the acrylic lens, it is possible to freely select the pattern layer (Side View in Fig.2 ) to be exposed with respect to the viewpoint taken. By changing the thickness h [mm] of the acrylic plate, the rate of flow can be controlled. By printing a pattern layer (Top View in Fig.2 ) on the surface of the acrylic plate, black lines of the pattern layer can be exposed through the acrylic plate within the unfilled width d in the barrier layer, and an effect like that produced by slits can be achieved. As a human being moves on this acrylic lens, the black lines move and are exposed (Fig.3) . Moreover, by designing the system so that
is satisfied, the induced polarity can be reversed depending on the viewpoint, as shown in Fig.2 , where the symbol of range A' appears when viewed from range A, and the symbol of range B' appears when viewed from range B. 
Visual Stimulus
As experimental stimuli, black and white stripes were used in the same way as in a few previous studies [5, 31] , and their velocities/spatial frequencies were used as variable parameters. As mentioned in Section 2.2, the range of the spatial frequency of the visual stimulus was set in the range 0. 
Experimental Environment
As HMD (head-mounted display), we used the HTC Vive Pro (reso- 
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Results
In the experiment, the difference between the initial and end positions of the HMD (perpendicular to the direction of travel) was used as an index of the inductive effect (hereinafter referred to as "horizontal difference"). The visual stimulus flowed from left to right in the direction of travel, and the HMD was positive along the right. By comparing the control conditions and those with the visual stimulus for each subject, and applying the test among conditions for the subject using the Holm method, significant differences were found in eight out of 10 subjects. However, one of the eight subjects showed an effect different from the assumed induction effect (the subject walked straight when there was a visual stimulus, and in a curve under the control conditions). Thus, seven of 10 subjects were grouped as having been affected and three as not having been affected. Fig.5 shows the inter-subject mean shift in horizontal axis for each of the seven subjects by spatial frequency. We conducted oneway ANOVA under the spatial frequency factor [26] . Main effect of spatial frequency factor is significant (F (5, 30) = 17.61, p < .01). As a result of multiple comparisons using the Holm method, a significant difference was found between the control conditions and each stimulus condition (p < .05). The control condition is significantly lower than the other conditions. It was revealed that guided walking is realized under the spatial frequency condition between from 0.02 to 0.14 [cycle/deg]. Fig.6 shows the inter-subject mean shift in horizontal axis for each of the same seven subjects by angular velocity. Main effect of angular frequency factor is significant (F (5, 30) = 13.84, p < .01). Multiple comparisons using the Holm method showed a significant difference was found between the control conditions and each stimulus condition (p < .05). The control condition is significantly lower than the other conditions. Control condition does not provide stripe motion towards the right side on the floor. So it is found that the stripe motion induce horizontal shift significantly. In contrast, the inter-angular velocity condition does not provide significant condition. Thus, constantly the guided walking effect is obtained under the angular velocity above 20 [deg/s]. These plot seems to have a saturation value in terms of cycle velocity. So we delivered an approximate curve was obtained by the modified cumulative normal distribution function using leastsquare method. Assuming that the obtained results are delivered point-symmetrically, we additionally duplicate the sampled data and rotated them around the origin point. Then, the modified cumulative normal distribution function is fitted to the twice number of the sampled data. The green curve is obtained from the positive responses, and the brue curve is obtained from the negative responses.
The induction effect converged as cycle velocity increased. Gradient values around the origin point of 
EFFECT OF BARRIER 4.1 Visual Stimulus
Black and white stripes were used as experimental stimuli in the same way as in the experiment in Section 3, where the cycle velocity was within the monotonically increasing section of the asymptic value in Fig.7, i. (Fig.8) . A red line was drawn 4.7 [m] from the start position, and subjects were instructed to stop walking when the line was reached. They were also instructed to walk while watching the red line. The position of the HMD during walking was tracked (90 [fps]) and used as head position data during walking. Spatial frequency/stimulus rate was set for each subject so that the spatial frequency and the stimulus rate at the tangential plane, where the cylindrical surface came into contact with the floor, were representative values when looking directly under the upright state. 
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Results
In this experiment, the difference between the initial and end positions of the HMD (perpendicular to the direction of motion) was used as an index of the induction effect (horizontal difference) as in the experiment in Section 3. The visual stimulus flowed from left to right along the direction of travel, and the position of the HMD was positive to the right. By comparing the control condition and the visual stimulus for each subject, and testing the conditions, we added the two data sets obtained from the control condition as well as the no barrier condition to the obtained data. The result of one-way ANOVA under each experimental condition in order to compare the control condition obtained by the previous experiment. Fig.9 shows the inter-subject mean shift in horizontal axis for each of the seven subjects at a certain barrier width. One parent population includes five conditions: one control condition, no barrier condition, and three barrier width D [m] condition under each cycle velocity condition 1 or 4 [cycle/s]. Each data represents mean value of three times trial under the each same condition. We conduct inter-subject two-way ANOVA. The main effect of cycle velocity factor is marginally significant (F (1, 6) = 4.68, p < .01), and main effect of barrier width is significant (F (4, 24) = 16.46, p < .01). Interaction between the cycle velocity factor and barrier width is significant (F (4, 24) = 3.21, p < .05). Multiple comparisons of using the Holm method showed a significant difference was found between the control and each stimulus condition (p < .05). The control condition is significantly lower compared with the other condition. There is no statistical significance when between no barrier condition and other three barrier width conditions of more than 0.05 [m] . Fig.10 shows the inter-subject mean shift in horizontal axis for each of the same subjects at different interval width. The parent population includes five conditions: one control condition, no barrier condition, and three barrier interval d [m] condition under each cycle velocity condition 1 or 4 [cycle/s]. Each data represents mean value of three times trial under the each same condition. We conduct inter-subject two-way ANOVA. The main effect of cycle velocity factor is marginally significant (F (1, 6) = 4.68, p < .01), and main effect of barrier width is significant (F (4, 24) = 16.41, p < .01). Interaction between the cycle velocity factor and barrier interval is significant (F (4, 24) = 2.80, p < .05). Multiple comparisons of using the Holm method showed a significant difference was found between the control and each stimulus condition (p < .05). The control condition is significantly lower compared with the other condition. As mentioned in Fig.9 , there is no statistical significance when between no barrier condition and other three barrier interval conditions of more than 0.05 [m].
Discussion
The experimental results show that walking can be induced by adding a barrier layer to the visual stimulus of a black and white stripe flowing in one direction on the floor surface. 
CONCLUSION
In this paper, we propose a guided walking method using visual motion appeared on the floor to induce self-motion illusion (vection). Novelty of this proposal is to switch guiding direction depending on the user's view direction. In contrast, the previous method with the use of lenticular lens does not have wide viewing angle enough to realize the purpose mentioned before. So we propose the parallax barrier method to make the viewing angle wide enough as well as to reverse the direction of visual motion from the view point at the opposite side. Therefore, the proposed method can invert the polarity of the direction of the moving stimulus.
To evaluate the proposed method, we conducted two experiments in the virtual world. Firstly, we created a new integrated unit "cycle velocity", which works as an evaluation function leading to the induction effect. Secondly, we evaluated the effect of several conditions in terms of index "cycle velocity" derived from the spatial frequency of the visual stimulus and the stimulation velocity. Lastly, the interaction between barrier and visual motion is evaluated.
Result shows that a constant walking induction effect can be obtained when the cycle velocity is 3.0 [cycle/s] or higher. Similar walking induction effect is obtained when the index (barrier ratio) derived from barrier width and ratio is 25 (%) or more. We will apply these findings to the actual multi-layered optical sheet design.
